Background: Physicians have high work stress, responsibility for night shifts and chances of exposure to medical radiation, which may increase the risk for thyroid diseases. Aim: We conducted this study to assess the risk for thyroid diseases in physicians, which remain unclear. Design: We used a secondary analysis of the Taiwan National Health Insurance Research Database for this study. Methods: After excluding thyroid diseases occurring before 2006 and residents, physicians and general population were identified by matching with age and sex in 2009 in a 1:2 ratio. The risk for thyroid diseases was compared between the physicians and general population and among physicians by tracing their medical histories between 2006 and 2012. Results: In total, 28,649 physicians and 57,298 general population were identified. Physicians had a higher risk for overall thyroid diseases than the general population [odds ratio (OR): 1.27; 95% confidence interval (CI): 1.10-1.47], including individual thyroid disease: thyroid cancer (OR: 1.89; 95% CI: 1.22-2.95), hypothyroidism (OR: 1.64; 95% CI: 1.23-2.18) and thyroiditis (OR: 1.48; 95% CI: 1.00-2.19).
Introduction
Thyroid diseases including thyroid cancer, hypothyroidism, hyperthyroidism and thyroiditis are very common and affect approximately 750 million people worldwide, according to the recent World Health Organization estimates. 1 About 10% of people are affected by thyroid diseases during their lifetime, with a definite need for therapy. 1 Thyroid diseases are more prevalent and are increasing among women and the elderly. 1 If not treated early and sufficiently, these diseases may cause severe mental and physical diseases and even death. 1 Thyroid function is controlled by the hypothalamicpituitary-thyroid axis, which maintains the thyroid hormones including triiodothyronine (T3) and thyroxine (T4). 2 Thyroid hormones are regulated by the thyroid-stimulating hormone (TSH) produced by the anterior pituitary, which itself is regulated by the thyrotropin-releasing hormone produced by the hypothalamus. 3 Stress and night shifts were associated with thyroid diseases by affecting the circadian system located in the hypothalamus. 4, 5 Previous studies have reported an increase of thyroid cancer, hyperthyroidism, hypothyroidism and autoimmune thyroiditis among workers with heavy stress and night shifts. [5] [6] [7] [8] Since 1995, the Taiwan National Health Insurance (NHI) provides all citizens equal and inexpensive medical resources, which causes a heavy workload for all the physicians. 9 A recent study showed that both heavy workload and increased malpractice made physicians in Taiwan suffer from heavy work stress and burnout. 10 Taiwanese physicians have an average working hour of 65.6 h/week, 9 much higher than the general population, which are an average of 43.7 h/ week. 11 In addition to heavy work stress and night shifts, physicians may be exposed to medical radiation, such as those in the specialties of radiology, cardiology and orthopedics, which is a risk factor for thyroid diseases. However, the issue of thyroid diseases in physicians remains unclear. We conducted this study to investigate the risks for four common thyroid diseases in physicians in comparison with the general population in Taiwan.
Materials and methods

Data sources
The Taiwan NHI Research Database (NHIRD), one of the largest and most comprehensive databases in the world, covers 99% of the Taiwan's population of more than 23.3 million. 12 The NHIRD contains encrypted patient identification numbers, claims data by International Classification Of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, basic sociodemographic information, including sex and date of birth, dates of admission and discharge, clinical diagnoses and procedures and prescribed medications. 12 Information on healthcare professionals is also available, including the specialty, date licensed, work area, hospital level, types of employment and encrypted identification number, which can be linked to the aforementioned claims data. 12 
Ethics statement
This study was conceived in line with the Declaration of Helsinki and was approved by the Institutional Review Board at Chi-Mei Medical Center. Informed consents from the patients were waived because the dataset used in this study consists of de-identified patient data released to the public for research. 12 The rights and welfare of the participants were unaffected by the waiver of informed consent.
Identification of the case group (physicians) and control group (general population)
A cross-sectional study was conducted in this investigation. We identified physicians from the 2009 registry for medical personnel (PER) and general population from the Longitudinal Health Insurance Database (LHID) 2000, two sub-datasets from NHIRD ( Figure 1 ). 12 The case group included all the registered physicians in Taiwan were not eligible for inclusion in this study. We defined physicians according to their board licenses registered in the NHIRD, which also has the detailed information about the physicians' specialties. Residents were excluded because they have a very short time for being a physician that may not reflect the influence of the occupation. The index date (origin of the follow-up) of all the participants was 1 January 2006. The control group was selected from the LHID2000. Licensed medical personnel in Taiwan before 2012 were excluded from LHID2000 before selection of control group. Participants who had four thyroid diseases, including thyroid cancer (ICD-9-CM: 193), hypothyroidism (ICD-9-CM: 244), hyperthyroidism (ICD-9-CM: 242) and thyroiditis (ICD-9-CM: 245) before 2006 were excluded. We studied these four thyroid diseases because they are the most common and possibly related to the risk factors in physicians. 1, [5] [6] [7] [8] Physicians and general population were exactly matched with age and sex in 2009 in a 1:2 ratio. We divided age into three subgroups: <35, 35-64 and 65 years. We used 35 years as a cut-off point for age because it is the peak of biological function and physical performance. 13 Their medical histories from 1 January 2006 to the date of thyroid diseasediagnosed, date of lost follow-up or 31 December 2012 were investigated to study the association between being physicians and thyroid diseases.
Comparison of risk for thyroid diseases between physicians and general population
The identification of four thyroid diseases for the participants was defined as: (1) 1 time of diagnosis for thyroid diseases on admission or; (2) 3 times of diagnosis for thyroid diseases on ambulatory care. We compared the risk for thyroid diseases, including overall analysis (i.e. all four thyroid diseases) and stratified analysis by age and sex, between the physicians and general population ( Figure 1 ). Individual thyroid diseases, including thyroid cancer, hypothyroidism, hyperthyroidism and thyroiditis, were also compared between the physicians and general population.
Physician subgroup analysis by specialty, age and sex
We analyzed the subgroups of physicians by specialty, age and sex ( Figure 1 ). Specialties of radiology, cardiology and orthopedics were considered in this study because physicians in these specialties are exposed to medical radiation during the procedures. Therefore, we divided the physician specialties into nine subgroups for analysis: radiology, cardiology, orthopedics, surgery, internal medicine, pediatrics, obstetrics and gynecology (ob/gyn), emergency medicine and other specialties (e.g. rehabilitation, psychology, dermatology and dual specialties). Overall thyroid diseases and individual thyroid disease (i.e. thyroid cancer, hypothyroidism, hyperthyroidism and thyroiditis) were also compared among physicians.
Statistical analyses
Differences in the baseline characteristics between the two groups were evaluated using the Student's t test for continuous variables and Pearson v 2 tests for categorical variables. We used conditional logistic regression to evaluate the risks for overall and individual thyroid diseases between the physicians and general population. Unconditional logistic regression adjusted by age and sex was used to evaluate the risks for overall thyroid diseases and individual thyroid disease among the subgroups of physicians. We used logistic regression analyses because this is a cross-sectional study. SAS 9.3.1 for Windows (SAS Institute, Cary, NC, USA) was used for all analyses. Significance level was set at 0.05 (two-tailed).
Results
We identified 28 649 physicians and 57 298 age-and sexmatched general population ( Table 1 ). The mean age of the physicians was 46.62 6 11.15 years. Those aged <35 years consisted of 15.08%, 35-64 years consisted of 78.61% and 65 years consisted of 6.31%. Majority of the physicians were males (87.34%). During the study period between 2006 and 2012, the physicians and general population had cumulative incidences of 1.05% and 0.83% for overall thyroid diseases, respectively ( Table 2 ). The physicians had a significantly higher risk for overall thyroid diseases than the general population [odds ratio (OR): 1.27; 95% confidence interval (CI): 1.10-1.47]. Stratified analysis by age showed that physicians had a significantly higher risk for overall thyroid diseases than the general population in the age subgroups of 35-64 years. Stratified analysis by sex, male physicians had a significantly higher risk for overall thyroid diseases than the male general population but female physicians did not. In the comparison of risk for individual thyroid disease, physicians had a significantly higher risk for thyroid cancer, hypothyroidism and thyroiditis than the general population (OR: 1.89; 95% CI: 1.22-2.95, OR: 1.64; 95% CI: 1.23-2.18 and OR: 1.48; 95% CI: 1.00-2.19) ( Table 3) . A comparison of overall thyroid diseases among physicians showed no significant differences among specialties (Table 4) . In this study, we did not have the data about work period for physicians, therefore, we used physicians' age to estimate their work period. It showed that older physicians have a trend for higher overall thyroid diseases than the younger physicians; however, the
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General population n = 57,298 difference was not statistically significant (Table 4) . Female physicians had a significantly higher risk for overall thyroid diseases than the male physicians (OR: 3.32; 95% CI: 2.56-4.29). A comparison of the risk for thyroid cancer among physician specialties showed that physicians in the radiology specialty had a nonsignificantly higher risk than those in other specialties (OR: 2.66; 95% CI: 0.63-7.57) ( Table 5 ). Regarding other thyroid diseases (i.e. hypothyroidism, hyperthyroidism and thyroiditis), physicians in the specialty of pediatrics alone had a significantly higher risk for hyperthyroidism than those in other specialties (OR: 1.63; 95% CI: 1.06-2.44) (Supplementary Tables S6-S8 ).
Discussion
In this study, we showed that physicians had a significantly higher risk for overall thyroid diseases than the general population. A comparison of individual thyroid disease revealed that physicians also had significantly higher risks for thyroid cancer, hypothyroidism and thyroiditis than the general population.
The physician specialty of pediatrics had a significantly higher risk for hyperthyroidism than other specialties. There was a trend of higher risk for thyroid cancer in the physician specialty of radiology than in other specialties. The possible causal factors for the higher risk of thyroid diseases in physicians than in the general population are heavy work stress, night shifts and medical radiation. Attending physicians in Taiwan had average working hours of 65.6 h/week, particularly those aged <40 years (69.8 h/week). 9 In the physician specialties of ob/gyn and surgery, the weekly working hours were even up to 74.9 h and 72.8 h, respectively. 9 This was much higher than that for the physicians in the United Kingdom (48 h/ week), 14 Norway (52.8 h/week) 15 and the United States (53.9 h/ week) 16 and the general population in Taiwan (43.7 h/week).
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Long working hours lead to heavy work stress, which caused a high incidence of burnout 10 1.020-1.193, respectively). 17 Insomnia itself was also a risk factor for thyroid cancer. 6 Heavy work stress was also associated with autoimmune thyroid diseases, including hyperthyroidism, hypothyroidism and thyroiditis, via the mechanism of immune modulation. 5 In addition to work stress, some physicians had rotating night shifts, which is suggested to be a risk factor for thyroid diseases, including thyroid cancer and autoimmune thyroid diseases. 5, [18] [19] [20] Night shift work was associated with a higher incidence of several diseases, including metabolic syndrome, cardiovascular diseases, insomnia, immune dysfunction and cancers. 4 , 21 During night shift work, TSH secretion increases, which is suspected to be the underlying mechanism associated with thyroid cancer. [18] [19] [20] [22] [23] [24] In this study, we showed a significantly higher risk for thyroid cancer in physicians than in the general population, which is consistent with previous studies. 2, 25 , 26 We had earlier shown that physicians had a non-significantly higher period prevalence for thyroid cancer than the general population (HR: 1.45; 95% CI: 0.80-2.63). 25 However, that study had two drawbacks: (i)
It identified only 14 889 physicians (much less than the present study: 28 649 physicians), because we excluded physicians who are dual specialists, which may have resulted in a selection bias.
(ii) Period prevalence was used for comparing the risk for thyroid cancer, which may incorrectly identify the participants who had thyroid cancer before the occupational exposure. Therefore, we improved these drawbacks in the present study by not excluding the dual specialists and using cumulative incidence for comparison. We suggest that the present study result is more convincing than our previous study. Medical radiation has been implicated in the risk for thyroid cancer in healthcare professionals. [26] [27] [28] [29] [30] [31] [32] A cohort study in Canada reported that healthcare professionals had an increased risk for thyroid cancer than the general population (standardized incidence ratios: 1.74; 90% CI: 1.40-2.10). 26 Some studies also reported significant increases in the risk for thyroid cancer, ranging from 1.5 to 3.3, in occupations with direct interaction with X-ray technology, as identified by occupation or self-reported exposure (X-ray work, X-ray technologist, etc). [26] [27] [28] [29] [30] [31] [32] Besides thyroid cancer, radiation was also suggested to be an increased risk of developing hypothyroidism, hyperthyroidism and thyroiditis. 33 The reason for a higher risk for hyperthyroidism in pediatrics was unclear, which requires a further study to compare the detailed information, including medical radiation exposure among physicians. Although this study provided us a new epidemiological finding, it has some limitations. First, we did not have the data on working hours, night shifts and dose of medical radiation exposure, which have been suggested to be causal factors for a higher risk for thyroid diseases in physicians. Further studies about this issue are warranted. Second, we did not have complete information on the physicians' history of employment, including lost to follow-up and resignation, which also limited the causal inferences between one's profession and the risk for thyroid disease. In addition, participants in the general population may turn out to be a physician. However, these limitations would not affect the final result because of the large number of physicians and general population. Third, we did not have data on the severity and classification for the studied thyroid diseases, such as metastasis and autoimmune type. However, it was beyond the scope of this study as our primary goal was to investigate the risk for common thyroid diseases in physicians and compare it between physicians and the general population. Fourth, although this was a nationwide population-based cohort study, it may not be generalized to other nations due to the different race, culture and occupational environment.
Conclusions
This was the first nationwide population-based cohort study to report that physicians had higher risk for thyroid diseases, particularly thyroid cancer, hypothyroidism and thyroiditis, than the general population. Occupational factors, including heavy work stress, night shifts and medical radiation, may play important roles in this aspect. Because this study lacked the detailed information of the occupational exposure, we recommend the concerned authorities conduct further studies about the underlying mechanisms in the future.
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